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Validation of Temperature Preservation in Specimen Transportation Systems
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Background: Clinical specimens are valuable materials that require a traceable management system. Maintenance of temperature and loss
prevention during transport are important for the reliability of the clinical test results. Current transportation systems can suffer from tempera-
ture changes and agitation. Quality improvement in this pre-analytic phase is required. This study acquired preliminary data from a newly devel-
oped specimen transportation system adopting a real-time temperature monitoring during transportation using temperature sensor and global
positioning system to establish appropriate guidelines.

Methods: Temperature preservation performance was compared between two transportation boxes (newly developed one [A] and conventional
one [B]) at exterior temperatures of 35°C and -18°C, reflecting the extreme temperature range in Korea. Influences of the temperatures on ana-
Iytical results of whole blood, serum, plasma, and urine specimens were investigated, as were the effects of vibration.

Results: The interior temperature of box A measured at multiple sites was maintained within 1.0-9.0°C at both exterior temperatures. The interior
temperature of box B was outside of this range. The analyzed parameters varied comparably with the variations occurring at the recommended
and published storage temperature. Vibration affected nonspecific enolase and lactate dehydrogenase.

Conclusions: Temperature preservation and real-time monitoring during specimen transportation are important. The present data highlight the
importance of transportation conditions and indicate that laboratories should know the characteristics of temperature changes in their transporta-
tion system.
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Fig. 1. Picture of specimen transportation box. (A) Upside view of transportation box (A). (B) Inside view of transportation box (A). (C) Inside view of

transportation box (B).
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Table 1. Internal temperature changes of transportation box according to external temperature (35°C and -18°C) and time

Internal temperature of transportation box A

Internal temperature of transportation box B

Temperature - .
measuring time Upper Middle Lower Lateral Upper Middle Lower
(35°C/-18°C) (35°C/-18°C) (35°C/-18°C) (35°C/-18°C) (35°C/-18°C) (35°C/-18°C) (35°C/-18°C)
Initial (after stabilizing sensor) 4.1/63 2.7/65 3.0/6.1 4.0/0.1 5.8/7.3 6.2/6.8 48/6.2
6 hours 6.7/3.5 6.0/1.5 6.3 /3.7 8.7/-8.3 11.0/1.4 11.3/3.2 10.1/0.3
12 hours 7.4[3.2 6.6/0.6 6.9/3.2 9.6/-8.3 13.9/0.3 13.6/2.5 11.4/-1.1
18 hours 10.7/2.7 9.4/-06 87/2.4 153/-8.5 24.4/-19 24.0/0.7 16.8/-3.4
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Temperature (°C)

L2 IS 0]-8-51 paired ¢ testE Fol FAITHA] oS 24l

SFA L, 7] B4 A== College of American Pathologists (CAP)

—— Outside temperature
—— Box A, upper
—— Box A, middle
— Box A, lower
—— Box A, lateral
—— Box B, upper
~—— Box B, middle
—— Box B, lower

Time (hour:minute)

Temperature (°C)

—— Qutside temperature
— Box A, upper
—— Box A, lower
— Box A, middle
— Box A, lateral
—— Box B, upper
— Box B, middle

— Box B, lower

Time (hour:minute)

(B

Fig. 2. Temperature curve according to time elapsed and measurement location. (A) Curve at external temperature at 35°C. Yellow and red arrows
indicate the inflection point of temperature in box (A) and (B), respectively. (B) Curve at external temperature at -18°C.
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2 o 52°C, 51C, 53'C F718H| Wistol, HA] 24 ARHAE 26C
3.3°C, 5.3°C 47°C Z7fsto], A ) [¢)
1. dx| 2& X2 2= /X 7|5 Bt = ZOZ YERGT 18R] 25 HokE W A St
T 7 97 LEB5C, Gt 1800 HA &F A YR & 0“*—4 AT 92 4 Uik
I WSS S43 23S Table 10f] AAJSIRIT 97] 212 35°Cof o}7] 5= Fot 18°CollA AA| &5 A U L= 25 A
Ho| A e A R S5 WishE 2T AT o4 A L 2] $ 2w A7 QPR AN 7R &4 ARHA)S] A
¥ & 2= AlA7E QPESHE Aol Al A &5 AARHA Q] A, i 9 s S BAR|OlA 212} 6.37C, 657C, 6.1°C, 01CE =
2k, 3H, 29 BAR|S] SEE 22 41C, 27°C, 30°C, 40CE AR, A S5 ARHBIY) AR, Fo, SHRel s 242 73C,
S, A & B T, T, sHR 2 24 6.8°C, 6.2°C2 = 5= sh7e] Frm = Hi 184175 A
S8C,6.2°C, A8'CE SAHHUE ofF 6AF Foll 4] &5 A 25 ARBIY R LEL 902C, 61°C, 96C7} T N
(W] 2t RO 67°C, 6.0°C, 6.3°C, 87°CE ZAEIaL, A AR &% ARHAE= 3.6C, 71°C, 37°C 317} 5o] 25 Hafo] Hw
Table 2. Comparison of laboratory results before and after storage
Storage condition (N=20)
Analyte (Total error 9" Ambient (24 hours) Refrigerated (24 hours) Frozen (24 hours) Vibrated (6 hours, ambient)
Pvalue Max. Ave. Pvalue Max Ave. Pvalue Max. Ave. Palue Max. Ave.
error (%) error (%) error (%) error (%) error (%) error (%) error (%) error (%)
WBC (15.49) 0.06 295 1.14 <0.05 340 1.41 - - - 041 2.35 1.01
RBC (4.4) 0.61 095 0.40 0.66 115 0.53 = = = 0.52 097 0.38
Hemoglobin (4.19) <0.05 1.12 0.49 <0.05 1.29 0.65 - - - 0.12 0.87 0.31
Hematocrit (3.97) <0.05 7.85 572 <0.05 2.84 094 - - - <0.05 3.52 2.12
Platelet (13.4) <0.05 6.13 2.54 0.08 7.76 228 - - - 0.59 3.52 1.29
MCV (2.42) <0.05 7.52 577 <0.05 1.72 0.96 - - - <0.05 322 2.04
MCH (2.5) <0.05 1.35 0.64 <0.05 2.19 0.70 - - - 0.13 117 0.49
MCHC (1.27) <0.05 6.78 495 0.06 1.49 0.63 - - - <0.05 3.70 222
Plasma hemoglobin® 0.09 166.67 30.62 <0.05 23333 40.98 - - - <0.05 55.56 2451
PT (5.3) <0.05 30.83 5.61 <0.05 348 1.47 0.24 13.47 2.77 <0.05 579 4.36
aPTT (4.5) <0.05 15.72 2.52 <0.05 19.47 6.09 <0.05 8.20 495 <0.05 8.67 3.50
Fibrinogen (13.6) <0.05 14.54 9.06 <0.05 2739 7.84 <0.05 14.74 6.10 <0.05 12.36 237
LDH (11.4) <0.05 530 2.12 <0.05 5.61 2.70 - - - <0.05 75.08 2272
AST (16.69) 0.20 19.05 8.83 0.25 17.50 8.22 - - - 0.17 19.05 9.23
ALT (27.48) <0.05 2143 12.90 <0.05 12.00 576 - - - <0.05 18.18 10.20
K (5.61) 0.45 6.77 3.02 0.48 7.52 295 - - - 0.21 6.77 %)
GGT (22.11) 0.16 15.69 4.76 0.46 19.44 4.30 - B - - - -
CK (30.3) 0.06 485 1.79 0.09 3.72 1.41 = = = = = =
Glucose (6.96) <0.05 7.81 294 <0.05 7.21 2.76 - - - - - -
Na (0.73) <0.05 1.89 1.10 <0.05 2.40 1.73 - - - - - -
Cl(1.5) <0.05 397 277 <0.05 397 244 - - - - - -
IGF-1 (24) <0.05 11.40 5.88 0.08 15.09 3.12 - - - 0.14 9.82 393
FT4 (8.0) <0.05 6.30 2.62 0.51 399 2.51 - - - <0.05 579 1.35
NSE (10.0)* <0.05 27.48 10.14 0.21 18.14 6.06 - - - <0.05 64.38 25.16
£2 (26.86) 0.31 32.08 7.09 033 21.61 536 - B - <0.05 34.33 11.03
TSH (23.7) <0.05 11.66 4.83 <0.05 8.42 4.04 = = = 0.05 6.01 2.51
*Westgard database, total error (https://www.westgard.com/oiodatabase1.htm) [2]; *Royal College of Pathologists of Australasia (RCPA) Analytical Quality Requirements (2010) [4]
Abbreviations: WBC, white blood cell; RBC, red blood cell; MCV, mean corpuscular volume; MCH, mean corpuscular hemoglobin; MCHC, mean corpuscular hemoglobin con-
centration; PT, prothrombin time; aPTT, activated partial thromboplastin time; LDH lactate dehydrogenase; AST, aspartate aminotransferase; ALT, alanine aminotransferase;
GGT, gamma-glutamyl transferase; CK; creatine kinase; IGF-1, insulin growth factor-1; FT4, free thyroxine; NSE, neuron specific enolase; E2, estradiol; TSH, thyroid stimulating
hormone.
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120 www.labmedonline.org



O|AZ 2|: Validation of Specimen Transportation System

MO

Table 3. Comparison of results of gram stain of urine specimens before and after storage in transportation box (A)

Concordance rate (%)

Storage condition All Specimen with gram stain-negative Specimen with gram stain-positive
Complete Partial Discordance Complete Partial Discordance Complete Partial Discordance
Refrigerated 75 10 15 86 0 14 62 23 15
Ambient 55 25 20 57 0 43 54 38 8
High temperature (35°C) 25 25 50 0 0 100 38 39 23
Table 4. Comparison of results of cultures of urine specimens before and after storage in transportation box (A)
L CFU/mL
Incubation time
NT N2 N3 N4 N5 N6 N7 N8 N9 N10 N11 N12 N13 N14 N15 Nie N17 N18 N19 N20
Initial <10° <10° <10° 10°  <10° <10° <10° <10° <10° <10° <10° <10° <10° <10° <10° <10° <10° <10° <10° <10°
Refrigerated (24 hours) <10° <10° <10° 10* <10’ <10° <10° <10° <10° <10° <10’ <10° <10° <10° <10° <10° <10’ <10° <10° <10°
Ambient (24 hours) <10° >10° <10° >10° <10 >10° <10° <10° <10° <10° <10° <10° <10° >10° >10° <10° <10° <10° <10° >10°
High temperature >10° >10° >10° >10° >10° >10° >10° >10° >10° >10° >10° >10° >10° >10° >10° >10° <10° <10° <10° >10°
(35°C, 24 hours)
Spiking organism E. coli S. aureus E faecalis  S. agalactioe  C. albicans
7F A¥K(Table D. AREAR1 WA HAe] &5 £10] 2-8TU= 20%, 50%= R Blsf E3kth b HA| wiFEAR] B @
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